This study focused on differences in the monitored quality indicators of roe deer venison depending on the region of the Czech Republic where roe deer are hunted. Quality of roe deer venison was evaluated based on pH values, colour (CIEL*a*b* system) and chemical composition (content of haem pigments, dry matter, pure protein, collagen and fat). Samples of muscle from the leg (m. gluteus medius) were taken from 22 female roe deer (Capreolus capreolus L.) from two hunting regions (Liberec and South Moravia) in the Czech Republic. In roe deer from Liberec, higher pH value (5.65, P < 0.001) was found; muscles were darker (L* = 36.03), contained higher redness (a* = 14.41, P < 0.001) and yellowness values (b* = 12.10) and higher chroma (C* = 18.86). In roe deer from South Moravia, higher (P < 0.05) hue (h°) values, and higher level of haem pigments (2.45 mg·g -1 ) were found. Muscles from roe deer from South Moravia contained higher amounts of dry matter (29.52%, P < 0.001), pure protein (23.84%, P < 0.001) and total collagen (0.86%), and lower amounts of intramuscular fat (0.48%). These results may provide an important source of information for consumers of roe deer meat because several differences in the quality (chemical composition) of muscles from South Moravian region and Liberec region were found. Presumably, the differences between muscles from animals living in two different Czech regions were due to the diet, form of land use (more agricultural land in Southern Moravia, and forests and mountains in Liberec) and climatic conditions (Liberec lies in the northern part of the Czech Republic). It is the first study of this topic in the Czech Republic.
Wild game meat has a low market share in economically developed countries. Traditionally, the largest game meat producers in Europe have been the Central European countries. Only a small portion of the meat from hunted animals is consumed by the hunters and their families, most of the meat from hunted animals is sold to meat processing plants (Daszkiewicz et al. 2012) .
Roe deer (Capreolus capreolus L.) belongs among the most numerous feral large hoofed game species in the Czech Republic. Because of the long hunting season (16 May-30 September, and 1 September-31 December for males and females, respectively), roe deer meat is the most common venison in the Czech Republic. The roe deer population in the Czech Republic numbered 318 271 animals by 31 March 2010, while the total number of hunted roe deer was 131 873, and the total weight of roe deer venison was 1 978.1 tones (Czech Statistical Office 2012) .
Consumers are increasingly concerned about the energetic and nutritional values of food, and appropriate diet as part of a healthy lifestyle, becoming increasingly interested in venison (Wiklund et al. 2010 ). Raw venison is valuable for its high levels of protein and low level of fat, which nutritionally favourable (Konjević 2008) . It has low amounts of connective and adipose tissues. Venison has very species-specific aroma and taste characteristics (Belitz et al. 2009 ).
Colour is a very important criterion for consumers and depends among others on myoglobin concentration, the degree of myoglobin oxidation and on the meat structure (Ruiz de Huidobro et al. 2003) . The contents of basic chemical components in venison depend primarily on the animal's age and sampling place (Rywotycki 2003) .
The aim of the present study was to characterise selected chemical indicators, pH values and colour properties of muscle from the leg (m. gluteus medius) of roe deer venison depending on the hunting regions in the Czech Republic.
Materials and Methods

Sample preparation
Animals used in the experiment were wild game hunted in compliance with conditions established in the EC Regulation No. 853/2004. Samples for the study were obtained from 22 females of roe deer (Capreolus capreolus L.) from two regions: Liberec (n = 11) and South Moravia (n = 11) of the Czech Republic. Samples were selected from roe deer carcasses delivered to a game processing facility in September 2009. The selection was based on similarity of age (average 3 years) and carcass weight after evisceration (average 10 kg). The animals were shot (the shot wound was not contaminated with digestive tract contents), eviscerated within 24 h, and passed as wholesome (Regulation EC No. 854/2004 ). The differences between the two different Czech regions were in the diet, form of land use (more agricultural land in Southern Moravia, forests and mountains in Liberec) and climatic conditions (Liberec lies in the northern part of the Czech Republic).
From each skinned roe deer carcass, muscle tissue samples weighing about 300 g were collected from the leg (m. gluteus medius). The samples collected were labelled, placed in plastic bags and maintained at a temperature below 7 ºC until analysed. The quality indicators were measured after 72 h post mortem due to previous transportation of hunted deer, inspection for wholesomeness and safety, and venison sample collection.
pH value and colour measurement
The pH values were measured with a Double Pore needle probe (Hamilton Bonaduz AG, Switzerland) and a 340i WTW pH-meter (WTW, Germany), inserted into the muscle tissue. The colour of raw meat was measured three times by the CIEL*a*b* system using Konica Minolta CM 2600d (Konica Minolta, Japan). Measuring area of 8 mm, illuminant D65 and 10° standard observer were used. The instrument was standardised using a standard white plate. CIE L* -lightness, a* -redness, b* -yellowness, C* -chroma and hº -hue were calculated using available software (Spectra Magic 3.61).
Chemical analysis
Samples of meat weighing about 150 g were homogenised for chemical analysis. The following variables were subsequently determined: amounts of dry matter (103 ± 2 °C, 24 h) (International Standard 1997) and amount of intramuscular fat analysed on the Soxtec (FOSS Tecator AB, Sweden) with diethylether as the extraction agent. Samples were pre-dried (135 ± 1 °C, 3 h) before lipid extraction (Application Sub Note 3127 2001). The pure protein content was determined as an amount of organically bound nitrogen by Kjeldahl method (conversion factor f 1 = 6.25) after precipitation with hot tannin solution using a Kjeltec 2300 (FOSS Analytical AB, Sweden) semiautomatic analyser following the method recommended by the producer (Application Note 300 2003). The content of collagen was computed from the content of hydroxyproline amino acid (conversion factor f 2 = 8). Hydroxyproline was determined quantitatively by photometric measurement of absorbance at 550 nm on a GENESYS TM 6 spectrophotometer (Thermo Electron Corporation, USA). Haem pigment content was determined by the Hornsey method, with the absorbance being measured at 640 nm wavelength (Hornsey 1956; Izumimoto 1976 ).
Data analysis
Statistical data analyses were conducted using the STATISTICA 7 CZ statistical program (StatSoft, Czech Republic). Statistical analyses were used for m. gluteus medius depending on the hunting region. The significance of differences between samples was determined by the analysis of variance (ANOVA) using Tukey's test. The P < 0.05, 0.01 and 0.001 of significance were used.
Results
A comparison of venison (m. gluteus medius) from female roe deer from two regions showed higher pH values (5.65, P < 0.001) in roe deer from Liberec (Table 1) . Muscles of roe deer from Liberec was darker (lower value L* = 36.03), and contained more redness (a* = 14.41) and yellowness (b* = 12.10). Significant difference (P < 0.001) was found for redness (a*). Chroma values were also higher (C* = 18.86) in animals from Liberec, while higher (P < 0.05) hue (h°) values were found in animals from South Moravia. Muscle of animals from South Moravia was found to contain more haem pigments (2.45 mg·g -1 ) (Table 1) , however, it was lighter (higher L * value), less red and yellow (lower a* and b*) with lower chroma (C*) value. Evaluation of basic chemical properties showed that samples of muscle from animals from Southern Moravia contained more dry matter (29.52%), more pure protein (23.84%) and more total collagen (0.86%) compared to muscle of animals from Liberec. The content of intramuscular fat in samples of muscle from Southern Moravia was lower (0.48%) ( Table 2 ). Significant differences (P < 0.001) were found comparing the contents of dry matter and pure proteins in animals from the two regions.
Discussion
Meat quality, e.g. water binding capacity, keeping quality, tenderness, taste and colour is greatly influenced by meat pH (Pollard et al. 2002) . Studies by Wiklund et al. (2000) , Wiklund et al. (2001) and Pollard et al. (2002) showed that pH ult of game that was hunted in a proper manner avoiding stress, and whose carcass was properly dressed and processed, was within the range of 5.5-5.75. Winkelmayer et al. (2004) reported pH in roe deer venison (m. longissimus) in dependence on the season of the year from 5.66 (spring) to 5.58 (autumn). Evaluating the effect of sex on the quality of roe deer venison, Daszkiewicz et al. (2012) found that pH ult in m. longissimus in males and females was 5.47 and 5.48, respectively. In our study, pH values were found within the above range, 
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Data are expressed as mean ± SD, HP -content of haem pigments, colour variables: L* -lightness, a* -redness, b* -yellowness, C* -chroma, hº -hue, LR -Liberec region (n = 11), SR -South Moravia region (n = 11), SR × LR -significant difference between the LR and SR regions , a,b -means in the same row with different superscripts are significantly different (P < 0.001, P < 0.01, P < 0.05), NS -no significant differences (P ≥ 0.05). 
Data are expressed as mean ± SD, LR -Liberec region (n = 11), SR -South Moravia region (n = 11), SR × LRsignificant difference between the LR and SR regions, a,b -means in the same row with different superscripts are significantly different (P < 0.001), NS -no significant differences (P ≥ 0.05).
which testifies that slaughter was performed properly to avoid stress, and that the carcasses were properly handled.
Meat colour is important since it is subject to critical appraisal by the consumer and it is often the basis for product acceptability (Stevenson et al. 1989) . The typical darkish red-and-brown colour of roe deer venison is generally explained by a higher content of myoglobin, which is necessary because the muscles are subject to a greater load associated with the free movement of animals in the wild (Ruiz de Huidobro et al. 2003) . According to Hoffman et al. (2005) , dark colour of venison is due to its low content of connective and adipose tissues. Daszkiewicz et al. (2012) focused on colour variables in m. longissimus dorsi from female roe deer 54 h post mortem and found the following values: L* (lightness) = 32.61, a* (redness) = 14.97, b* (yellowness) = 10.70, C* (chroma) = 18.43 and h° (hue) = 35.44. The values obtained in our study were higher for L*, b* and h° variables, but lower for a* and C* variables, i.e. our samples were lighter in colour and had higher values of yellowness and lower values of redness. Comparison of colour variables of muscle from roe deer females from the two regions showed that samples of muscle from animals from South Moravia were lighter in colour and had less redness.
Concentrations of haem pigments (myoglobin and haemoglobin) are influenced by the manner in which animals are slaughtered, and by their age. Harvested game is often insufficiently bled and a considerable amount of blood may remain in the game carcass. Myoglobin concentrations are also influenced by animal activity, because animals in the wild tend to move about more extensively . Haem pigments are an important source of iron for the human body (Young and West 2001) . The content of haem pigments in roe deer venison was not available from foreign literature. For example, Wiklund et al. (2006) reported the concentration of haem pigment in m. longissimus of red deer (Cervus elaphus) ranging from 7.74 mg·g -1 to 7.27 mg·g -1 . Chemical composition of venison may vary because it is influenced by many endogenous (animal species, age, sex, health status) and exogenous (living conditions, food availability and composition, season of the year) factors (Wiklund et al. 2010 ). According to Winkelmayer et al. (2004) , roe deer venison on average contains 25.88% to 27.97% dry matter (m. longissimus). Studying the effect of sex on roe deer venison (m. longissimus dorsi), Daszkiewicz et al. (2012) found more dry matter in females (26.20%) than in males (24.68%). The dry matter content in muscle of the leg in our study was higher by about 5% in animals from South Moravia. Winkelmayer et al. (2004) reported the protein content in roe deer venison (m. longissimus) in dependence on the season of the year (22.48% and 22.77% in spring and autumn, respectively). Zomborszky et al. (1996) found 23% of proteins in both m. semimembranosus and in m. longissimus. More proteins in m. longissimus dorsi in females (22.79%) compared to males (21.84%) were reported by Daszkiewicz et al. (2012) . Collagen content also determines the nutritional value because it decreases the overall nutritional value of proteins (Taylor et al. 2002) . Daszkiewicz et al. (2012) determined a collagen content of 0.364% and 0.360% in m. longissimus dorsi in females and males, respectively. Values in our study were higher in both regions, which may have been due to the different type of muscle sampled. Roe deer venison ranks among foods with low energy value, which is due to its low fat content in muscle tissues (MacRae et al. 2005; Hoffman and Wiklund 2006) . According to Zomborszky et al. (1996) , the fat content in roe deer venison was 1.7% (m. longissimus). Daszkiewicz et al. (2012) found more fat in m. longissimus dorsi of females (1.46%) compared to males (0.83%). Intramuscular fat values found in our study were lower, and the lowest fat content was found in samples from animals from South Moravia. Chemical composition of muscle (m. gluteus medius) samples from females of the two regions could have been affected by animal movements, diet composition, types of muscle other than those investigated in studies cited, and also the reproduction status of females (the young).
This study showed differences in the monitored variables of roe deer venison within one sex depending on the region where roe deer were hunted. This particularly applies to variables that are related to post mortem biochemical processes such as pH and colour indicators that were monitored 72 h post mortem. A higher pH value was observed in female samples of the Liberec region. Muscle of animals from South Moravia was lighter and less red despite the fact that the content of haem pigments was higher. From the nutritional point of view, samples of muscle from animals from South Moravia were of better quality, with a higher pure protein content and lower intramuscular fat levels. Overall, it can be concluded that roe deer meat may, from the point of view of the quality indicators monitored, be a delicious and high quality food. This is the reason why venison remains a very specific product that is highly a valuable component of a balanced diet of the modern consumer due to its low content of intramuscular fat and a high content of protein.
